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Appendix 1. Sample statistics
variable # cases mean st.dev.
(i) lifetime spells
uncensored 5749 95%
among these: realized duration in years 77.1 11.2
among these: death cause observed 5671 99%
right-censored at Jan 1, 1943 25 0.4%
right-censored between 1943 and 2004 23 0.4%
right-censored because still alive 253 4%
(ii) observed cause of death
cardiovascular 53%
cancer 21%
other 26%
(iii) explanatory variables
male (vs. female) 49%
monozygotic (vs. dizygotic same-sex) 37%
birth region and urbanization (observed for 97%):
Copenhagen 14%
region Zealand excl. CPH 25%
region Funen 12%
region Jutland 50%
urbanization: town excl. CPH 16%
urbanization: rural 70%
birth season:
Jan-Mar 27%
Apr-Jun 24%
Jul-Sep 24%
Oct-Dec 24%
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Appendix 2. Evidence on variation in the composition of
birth cohorts
It turns out that the yearly deviation in the national Danish birth rate is not
significantly related to the business cycle indicator in our birth-year window or
in larger windows. The same applies to the national rate of twin births (i.e. #
twin births / population size). Fluctuations in the latter rate are primarily driven
by fluctuations in the national twinning rate (i.e. # twin births / # births) and
not by fluctuations in the birth rate. The business cycle indicator is not able to
explain a non-negligible part of the yearly deviation in the twinning rate for any
reasonably sized observation window. The association is significantly positive
over the years 1873–1906, but for the larger interval 1860–1944 the association
is not significant and the regression coefficient is even smaller.1 There are no
significant relations to the cycle in the year before birth.
Official stillbirth rates in Denmark at the end of the nineteenth century were
low and fairly constant over time. Statistics Denmark, 1902, gives data for 1890–
1901. The average is about 2.5%. The yearly rate is not significantly related to
the business cycle.2
We conclude from all this that fertility is independent of the contemporaneous
state of the business cycle, and that the fraction of twin births does not vary
sizably across the business cycle. By analogy to the discussion of within-cohort
heterogeneity, if the twins born in recessions constitute a somewhat advantageous
selection from the population of potential (conceived) twin pairs of which at least
one individual survives until after birth, then this may cause the indicator of early-
life effects to be biased towards zero, implying again that if we find an effect then
the true effect may be larger.
To shed some more light on changes in the composition of newborn twins over
the business cycle, we use data from a survey held in 1966 among same-sex twins
in the Twin Registry born in 1890–1920 with known zygosity. These data were
used by e.g. Herskind et al. (1996) and include the level of education and the
1In the literature, regional and temporal variations in natural DZ twinning rates are ex-
plained by the mean maternal age and parity, by the degree of genetic heterogeneity in the
relevant population, and by psychosocial pressures in society (stress). See Eriksson and Fell-
man (2004) for an overview and for historical results for Sweden. Bortolus et al. (1999) provide
a meta-study of articles in which twinning is examined at the individual level. They confirm
that maternal age and genetic heterogeneity are important, and they conclude that social class
is not a major determinant.
2In Sweden around 1900, the stillbirth rate among twins equals around 8% while the rate
for singletons was as in Denmark; see Fellman and Eriksson (2006).
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social class in 1966. Social class is derived from the occupational hierarchy and is
closely associated to income. The intersection of the cohorts in the survey data
and our birth-year observation window (i.e. 1890–1906) contains 1480 individuals.
We find that there is no significant relation between the level of education and
the business cycle in the birth year. The same applies to social class. If anything,
the fraction with low social class is slightly higher among those born in booms.
Of course, the education and social class variables are potentially endogenous
since they may be affected by early-life conditions. Moreover, the survey data
only includes survivors until 1966. Among those born in 1890, only 50% survive
until then, whereas among those born in 1906, 90% survive. However, the results
are the same if we compare two adjacent years where one is a boom year and the
other a recession year (like 1902 and 1903). The results are not due to social-
class differences in infertility; Schmidt, Christensen and Holstein (2005) provide
population-based evidence that in Denmark, infertility is unrelated to social class.
Van den Berg, Lindeboom and Lo´pez (2009) examine how the size and the
composition by social class of a birth year cohort changes with the cyclical in-
dicator of the business cycle at birth. Their data are from the Netherlands and
contain the social class of the parents at the moment of birth. They conclude
that there are no such effects. K˚areholt (2001) studies Swedish birth cohorts from
1897–1938 and examines whether the fraction of newborns whose father had a
blue (vs. white collar) occupation varies with the state of the business cycle as
measured by the annual change in the inflow into poor relief. The results show
that there is no significant difference among male and among female newborns.
Finally, we use our data to examine the composition of newborns by urban-
ization degree and region. It turns out that the regional composition among
newborn twins does not fluctuate over the business cycle, but that in recessions
slightly more twin births are observed in rural areas as opposed to towns. Note
however that we condition on these variables in the empirical analyses.
Appendix 3. Correlated frailty model details
In the context of our study, consider a twin pair with twins labeled by index
i = 1, 2. For each twin, the individual log CV mortality rate equals, in obvious
notation,
log θ(t|x, c(τ − t), Vi) = ψ(t) + β′x+ η′c(τ − t) + log Vi with i = 1, 2
where, for twin i, we can write
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Vi = V
0
i +W (1)
where V 01 , V
0
2 and W are independent (and independent of x and the moment of
birth), and all terms in (1) are Gamma distributed.3
In particular, the joint distribution of V1, V2 follows a bivariate Gamma dis-
tribution. Of course, the marginal distributions should be identical. We may
normalize their mean to one by subsuming it into the constant term of β′x.
In single-spell duration analysis with MPH models and samples of indepen-
dent outcomes, parameter estimates are known to be sensitive to functional-form
assumptions on ψ and the distribution of V (see Van den Berg, 2001, for an ex-
tensive overview of the evidence). In our setting, this is less likely to be an issue.
First, the correlation between the observed within-twin pair outcomes is directly
informative on the correlation ρ between the unobserved determinants, as the
latter is the only source of correlation of the former. Secondly, notice that the
data contain multiple observations drawn from the same marginal distribution.
Identification results for multiple-spell duration models suggest that estimation
results are less driven by functional-form or multiplicity assumptions than if the
marginal distributions are different. Thirdly, recall that the Gompertz functional
form for ψ is relatively well-grounded. In any case, even in misspecified MPH
models, the sign and significance of the covariate effects are usually correctly
inferred (see again Van den Berg, 2001). We therefore expect that the inference
on the sign and significance of the causal covariate effects (including the effect of
the business cycle early in life), and the inference on the correlation between the
frailty terms, are robust with respect to functional-form assumptions. Wienke et
al. (2005) confirm this in a simulation study of misspecified Correlated Frailty
Models.
Note that cause-specific mortality is right-censored by mortality due to other
causes. One may question the assumption that such censoring is non-informative
on the CV mortality rate conditional on the observed covariates. Wienke et al.
3A random variable Y with density λkyk−1e−λy/Γ(k) is said to have a Gamma distribution
with scale parameter λ and shape parameter k. It satisfies E(Y ) = k/λ and σ2Y := var(Y ) =
k/λ2, implying that if E(Y ) = 1 then λ = 1/σ2Y .
Now consider three independent random variables V 01 , V
0
2 and W , where V
0
1 and V
0
2 have a
Gamma distribution with scale parameter λ and shape parameter k0, and W has a Gamma
distribution with scale parameter λ and shape parameter kω. Then Vi := V 0i + W has a
Gamma distribution with scale and shape parameters λ and k0 + kω, respectively, for each
i = 1, 2. If we normalize the mean of Vi to equal one, so that λ = k0 + kω, then it follows
that var(Vi) = 1/(k0 + kω) and corr(V1, V2) = kω/(k0 + kω). These can then be redefined as
parameters σ2 and ρ.
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(2002) extend the above Correlated Frailty Model by allowing unobserved deter-
minants of different cause-specific mortality rates to be stochastically dependent.
They estimate models with Danish twin data distinguishing between mortality
due to coronary heart disease and mortality due to all other causes. They do
not find a significant dependence between the unobserved determinants of the
two cause-specific mortality rates. We take this as support for our assumption of
non-informative censoring of CV mortality.
Appendix 4. Additional estimation results
We also estimate a parsimonious Cox PH model specification where the transitory
component of log annual real per capita GDP is included as a covariate instead
of the binary indicator of a recession at birth. To compare the results to those
in the main text, note that a negative effect corresponds to a positive effect of
the binary indicator, and that the transitory component ranges between -0.025
and 0.025. The transitory component has a significant negative effect on the CV
mortality rate, and the results are virtually the same as before, although the fit
is marginally better for the binary indicator. The latter may be because large
observed deviations from the GDP path may contain measurement errors.
The results are also robust with respect to other aspects of the measurement
of the cyclical conditions, including changes in the smoothing parameter for the
GDP decomposition.
Next, we consider the dependence of the CV mortality rate on age (the “force
of CV mortality”). In Table 1 we estimate the parsimonious model with the
restriction that the age dependence function ψ is a Gompertz function, i.e.
ψ(t) = αt. We estimate the model using Maximum Likelihood. Clearly, the
covariate effects are the same as in the main text. This suggests that the Gom-
pertz specification for the CV mortality rate is accurate for higher ages; note that
is in accordance to Figure 3. The same conclusion follows with the extended set
of covariates.
Our data allow us to shed more light on the relative importance of conditions
in the months before and shortly after birth, and thus on the underlying mech-
anisms by which adverse economic conditions affect CVD later in life. As a first
step, we estimate a model where the business cycle indicator in the year before
the birth year4 and the three years after the birth year are included as covariates
(see Table 2). All corresponding coefficients are positive, which is in agreement
4For 1872 we impute the value zero for the indicator, because the transitory component is
unobserved for that year.
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Table 1: Parameter estimates of Gompertz PH Model for the individual CV
mortality rate
variable estimate (t-value)
recession at birth 0.12 (3.2)
male 0.34 (9.0)
log (birth year–1872) –0.10 (3.5)
spring season 0.13 (2.9)
Copenhagen 0.15 (2.7)
MZ –0.042 (1.1)
Gompertz age dependence 0.000305 (100.7)
to a long-run effect of adverse conditions in utero and in the years up to age 3.
However, the coefficients are (jointly) insignificant, and they are much smaller
than for the business cycle indicator at birth. The latter coefficient has virtually
the same magnitude and standard error as before.
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Table 2: Parameter estimates of models for the individual CV mortality rate with
effects of business cycles around the birth year
variable estimate (st.error)
recession in birth year 0.13 (0.039)∗
recession in [birth year–1] 0.013 (0.041)
recession in [birth year+1] 0.016 (0.042)
recession in [birth year+2] 0.029 (0.040)
recession in [birth year+3] 0.051 (0.042)
male 0.33 (0.037)∗
log (birth year–1872) –0.092 (0.031)∗
spring season 0.12 (0.043)∗
Copenhagen 0.15 (0.056)∗
MZ –0.038 (0.038)
log partial likelihood –22495.7
Note: a superindex ∗ indicates significance at the 5% level. “Birth year-1” means
the year before the birth year, etc.
Additional references
Bortolus, R., F. Parazzini, L. Chatenoud, G. Benzi, M.M. Bianchi and A. Marini
(1999), The epidemiology of multiple births, Human Reproduction Update 5,
179–187.
Eriksson, A.W. and J. Fellman (2004), Demographic analysis of the variation in
the rates of multiple maternities in Sweden since 1751, Human Biology 76,
343–359.
Fellman, J. and A.W. Eriksson (2006), Stillbirth rates in singletons, twins and
triplets in Sweden, 1869 to 2001, Twin Research and Human Genetics 9, 260–
265.
Herskind A.M., M. McGue, I.A. Iachine, N.V. Holm, T.I. Sørensen, B. Harvald,
8
and J.W. Vaupel (1996), Untangling genetic influences on smoking, body mass
index and longevity: a multivariate study of 2464 Danish twins followed for
28 years, Human Genetics 98, 467–475.
Schmidt, L., U. Christensen and B.E. Holstein (2005), The social epidemiology
of coping with infertility, Human Reproduction 20, 1044–1052.
Wienke, A., K. Arbeev, I. Locatelli and A.I. Yashin (2005), A comparison of
different bivariate correlated frailty models and estimation strategies, Mathe-
matical Biosciences 198, 1–13.
9
